Abstract: Due to the shortage of the fingerling/juvenile mud loach, Misgurnus mizolepis in Korea, these fish have been imported from China. However, the mortality rate during and after their transportation is very high. In this study, we examined various physiological and histological parameters to evaluate the effect of salt treatment on the survival and recovery of mud loaches in holding farms during the quarantine process. Glucose, osmolality, Na
Introduction
The mud loach, Misgurnus mizolepis (Cypriniforms, Cobitidae) is widely distributed throughout the streams, ditches, reservoirs and rice paddy fields in Korea, China and Japan [3, 18] . This is often used as a restorative food (chueotang; Korean traditional loach soup) in Korea. Over the past few years, their population has been decreasing rapidly due to loss of their natural habitat, which in turn, leads to shortage of fingerling supply for culture. The National Fishery Products Quality Management Service (NFQS) of the Republic of Korea reported that approximately 8,500 tons of mud loaches were imported from China (Liaoning, Guangdong, Jiangsu, and Heilongjiang provinces) to Korea in 2014 to ease the shortage of fingerlings and to meet consumer demand [22] .
For exportation from China to Korea, mud loaches are taken off feed for about 24 h prior to harvest and transport so that they do not void faeces and foul the transport water. The fish are graded according to size, transferred to tank trucks using nets, and then driven to and off-loaded at the holding farms for health inspection in China for 3 to 4 days. The fish that pass the inspection are then placed in 35-L-plastic boxes at a density of 3 to 4 kg/L, and the water temperature in the boxes is maintained at below 15 o C using ice packs. The fish boxes are loaded in container trucks and delivered to ports for shipping to Korea. On arrival, the fish are transported to holding farms by container trucks and then off-loaded into the tanks through fish pumps or transfer pipes. During transportation, 3 to 5% of the fish dies, and an additional 20 to 30% is lost during import quarantine at the holding farm.
Several traumatic events including capture, transport, loading, and unloading as well as stocking occur during the entire transportation process, and these events may evoke severe stress responses in fish [17] . Salt is able to ameliorate the severity of the stress response and improve survival during handling, transport, and post-stress recovery in fish [5, 29] . The addition of salt to transport water is known to reduce osmoregulatory disturbances and mortality [11] . Thus, in this study, we examined physiological and histological parameters in order to evaluate the effect of salt treatment on recovery of mud loaches transported from China to Korea.
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Materials and Methods
Detection of skin ulceration and microbial pathogens We sampled 35 transported fish (mean length, 15.5 ± 1.2 cm; mean weight, 8.9 ± 0.9 g) from China that were maintained at a private holding farm (Seocheon-gun, Chungcheongnam-do, Korea) and 20 healthy fish with no history of disease (mean length, 14.9 ± 1.3 cm; mean weight, 8.4 ± 1.0 g) reared in laboratory. The temperature of the water in the holding tank was 20 to 21 o C and the pH was 7.1 to 7.4 when sampled. Mud loach is an air-breathing fish, and therefore, the oxygen level in the holding tank was not monitored.
To detect the skin lesions, transported fish were anesthetized with 0.1% (v/v) 2-phenoxyethanol (Sigma, USA). Fluorescein stock solution was prepared by dissolving 100 mg fluorescein sodium salt (Sigma) in 0.1 M tris aminomethane hydrochloride (pH 8.0), and then storing the solution in a dark glass bottle at room temperature. To prepare the working solution, 1 mL of stock solution was diluted with 499 mL of distilled water. The fish were placed in the fluorescein solution for 6 min. The fish were then removed from the fluorescein solution and immediately rinsed in clean tap water for 3 min. Fish were then examined for skin damage under ultraviolet light (VL-6; Vilber Lourmat, France). Photographs were taken using a digital camera with automatic adjustment (Cannon G9; Cannon, Japan).
For parasitological and bacteriological examination, the ulcerative lesions on the skin, gills, and viscera of 15 transported fish were examined for the presence of parasites using a light microscope. For bacterial isolation, the skin lesions, liver, spleen and kidney were inoculated onto tryptic soy agar and cytophaga agar plates, and incubated at 20 o C for 48 h. Any colonies grown were identified using the API20E and API20NE systems (bioMérieux, USA) following 48 h of incubation at 20 o C.
Experimental procedures
Five hundreds of the fish (mean length, 16.2 ± 0.9 cm; mean weight, 9.0 ± 0.8 g) were transported to the laboratory in oxygenated plastic bags at a density of 150 g L −1
. Upon arrival at the laboratory, 450 fish were divided into three groups with solar salt (commercial solar salt for human consumption) concentration of 0.0% (control), 0.5% and 1.0%, respectively. Each group had three 40-L FRP tanks maintained at 20 ± 1 o C throughout the 5-day experimental period. During the experiment, water in the tanks was not changed and the experimental fish were not fed. Plasma analysis and survival rate assessment were performed by each group in triplicate tanks of each containing 30 and 20 fish, respectively. Fish were observed every six hours for changes in skin colour and swim pattern, and dead fish were immediately removed from the tanks. Fish were regarded as dead if they did not move when their body was touched with a syringe. For arrival group, the other 50 fish were used. For normal group, 150 healthy fish reared in laboratory condition which did not experience transportation were used. All tests were conducted in triplicate.
Blood chemistry and plasma osmolality At the time of sampling, 9 fish were captured with nets and quickly anaesthetized with 2-phenoxyethanol. Blood was drawn from the caudal vein using 1-mL heparinized disposable syringes. The blood samples were centrifuged at 574 × g for 10 min and then the plasma was transferred into sterilized tubes. Concentrations of sodium (Na + ) and chloride (Cl − ) ions and glucose in the plasma were measured using an automatic dry chemistry analyzer (DRI-CHEM 3500i; Fuji, Japan). Plasma osmolality was determined using an osmometer (Model 3320; Advanced Instruments, USA). The blood chemistry and plasma osmolality was repeated three times from 9 individuals for each time point.
Histopathology
For light microscopy, skin and gills were fixed in Bouin's solution, dehydrated in an ethanol series, and embedded in paraffin. All 5-µm thick sections were stained with haematoxylin and eosin before being examined with a light microscope.
Statistical analyses
Results were expressed as mean ± SD. All data were analysed to test the statistical significance among groups by analysis of variance (ANOVA) followed by Duncan's test. P values < 0.05 were considered statistically significant.
Results

Detection of skin lesions and microbiology
Fluorescein staining produced highly visible staining of ventral skin, operculum and fins of all transported fish compared with healthy fish (Fig. 1 ). Microscopic examination of the gills and skin lesions did not reveal parasitic infestation. Bacterial isolation was attempted from the skin lesions, liver, spleen, and kidney of the fish on tryptic soy agar and cytophaga agar plates, but no pathogenic bacterium was isolated. 
Gross observation
Initially, all fish responded to confinement by immediately becoming excited (active swimming pattern) after being placed into the individual tanks. One day later, the control fish were darker, lethargic and remained at the bottoms of the tanks. Fish subjected to the 0.5% and 1.0% solar salt solution treatments did not show any abnormal behaviour, and maintained normal body skin colour and swimming pattern. Control fish began to die on the first day, and the mortality rate reached 100% within 5 days (Fig. 2) .The death rate increased rapidly from day 3 to day 4. Some of the dead fish in the control group presented with slight hyperaemia on the operculum, pectoral fins or maxilla regions. Like in the control group, fish treated with 0.5% solar salt solution started to die from the first day, but the dead fish did not show any visible lesions. On day 5, 92% of fish in the 0.5% solar salt solution-treated group were alive. In the 1.0% solar salt solution-treated group, fish began to die on the first day without any visible lesions. The survival rate in the 1.0% solar salt solution-treated group was estimated to be 82% by day 5.
Blood chemistry and plasma osmolality
The levels of blood glucose on day 0 in the normal and , sodium (C) and chloride (D) levels (mean ± SD) of mud loaches subjected to 0.0%, 0.5%, and 1.0% solar salt solution. All fish in control group died on day 5. Each alphabet over the bars indicates differences (p < 0.05) among treatments at the same sampling time. Single and double asterisks indicate significant differences (p < 0.05 and p < 0.01, respectively) between treatments and initial level (arrival group); all treatments share the same initial level.
arrival groups were 84.0 ± 4.2 mg dL −1 and 105.3 ± 12.8 mg dL , respectively (Fig. 3A) . In control fish on day 1, the glucose level (225.2 ± 27.9 mg dL ; p = 0.991) exhibited significantly lower levels of glucose compared with that in the control groups. The level in the 1.0% saline-treated group was also decreased but its level (171.8 ± 24.8 mg dL ; p < 0.001) was higher than those of the arrival and 0.5% solar salt solution-treated groups. On day 3, control fish still maintained a higher level of glucose (250.4 ± 27.6 mg dL ; p = 0.005) and 1.0% (51.7 ± 9.9 mg dL −1 ; p < 0.001) solar salt solutions were considerably decreased compared with that in the arrival group.
Levels of osmolality in the normal and arrival groups on day 0 were 269.1 ± 3.8 mOsm kg −1 and 249.3 ± 15.5 mOsm kg , respectively (Fig. 3B) . On day 1, no significant change of osmolality levels was observed in the control fish (251.0 3 ± 9.9 mOsm kg ; p = 0.001) solar salt solutions were higher than those in the arrival and control groups. On day 3, control fish showed dramatic reduction of osmolality level, while the fish treated with 0.5% (271.5 ± 13.6 mOsm kg ( Fig. 3C) , respectively. No significance difference was found in Na + levels among all groups (control, p = 0.999; 0.5% solar salt solution, p = 0.990; 1.0% solar salt solution, p = 0.994) 1 day post-treatment. On day 3, control fish showed considerable reduction in the Na + level (p < 0.001). By day 3 there was a significant difference between the Na + concentrations in control fish (72.8 ± 14.7 mEq L −1
; p = 0.003) and those in fish that had been treated with 0.5% (121.5 ± 6.6 mEq L ; p = 0.189). Initial levels of Cl − of fish in the normal and arrival groups were 97.9 ± 6.1 mEq L −1 and 88.7 ± 6.3 mEq L −1 (Fig. 3D ), respectively. There was no statistical difference among experimental groups on day 1 (control, p = 0.612; 0.5% solar salt solution, p = 0.940; 1.0% solar salt solution, p = 0.999). On day 3, control fish showed lower Cl − levels (66.6 ± 12. mEq L 
Histopathology
The epidermis of transported fish was considerably thinner than that of healthy fish due to depletion of mucous and club cells (Fig. 4A and B) . In severely affected cases, a complete loss of the epidermis because of ulcer formation was observed where the underlying dermis was exposed to the exterior (data not shown). The gills of transported fish presented hyperplasia of epithelial cells at the basal portions and fusions of two or more lamellae (Fig. 4C and D) . Eosinophilic granule cell-like cells (EGC-like cells) were found in the connective tissue and secondary lamellae.
On day 1, fish gills treated with 0.5% and 1.0% solar salt solution exhibited fusion of the basal area of the secondary lamellae and epithelial hyperplasia (Fig. 5A and D) , but the degree of lamellar fusion and infiltration of EGC-like cells in secondary lamellae in the 1.0% solar salt solution treated group was slightly more severe than that of the 0.5% solar salt solution-treated group. On day 3, the degree of epithelial proliferation and lamellar fusion was more moderate and the EGC-like cells were localized to the basal area of secondary lamellae in fish gills subjected to both the 0.5% and 1.0% solar salt solution treatment ( Fig. 5B and E) .On day 5, gills in both the 0.5% and 1.0% solar salt solution-treated groups were almost recovered to normal status ( Fig. 5C and F) . EGC-like cells were still observed at the basal part of the secondary lamellae. 
Discussion
Health inspection usually takes from approximately 5 to 6 days. During this period, more than 20% of the fish die in holding tanks. In this study, we found that mud loaches transported from China suffer from skin and gill damage and physiological dysfunction (osmotic imbalance) which may increase the mortality and morbidity.
Fluorescein is a useful tool to detect ophthalmic lesions in humans and animals and skin damage in fish that is not visible to the naked eye [23] . In our study, mud loaches did not show skin damage on visual examination. However, with the fluorescein, we were able to detect skin lesions. This result suggests that skin of mud loaches is easily damaged by routine manipulations such as grading, capturing, loading and transporting, and that fluorescein is able to be useful methods to examine epidermal injury in transported fish.
Stress or exhaustive exercise is known to cause hyperglycaemia in fish [4, 16, 20, 30] . Exposure of freshwater fish to salt is considered a stress-relieving and antiseptic procedure [8] . We observed that control mud loaches in freshwater showed higher glucose levels compared with the fish treated with 0.5% or 1.0% solar salt solution. Similar to our results, it has been previously reported that in small mouth bass, Micropterus dolomieui and matrinxã, Brycon cephalus that glucose levels increase in fish exposed to water without salt [8, 11] . Our results suggested that transport stress stimulated catabolic activities to supply the extra energy, enabling the fish to overcome the metabolic disturbance as reported by Acerete et al. [2] . Some researchers reported that the elevation in blood glucose may be the result of stress-induced corticosteroid release which facilitates gluconeogenesis [4, 16] . This response rapidly provides the muscle tissue with large amounts of glucose to assist the organism during an acute stress event [4, 6] . Carneiro and Urbinati [11] reported that matrinxã treated with 0.6% salt solution did not show elevated glucose levels after transport. In the present study, fish treated with 0.5% and 1.0% solar salt solutions showed reduced glucose levels. From this result, we can conclude that solar salt solution-treatment efficiently mitigates glucose responses (the lowering of energy costs in osmotic and ionic regulation) in transported mud loach. However, as the experimental fish were starved during transportation and during the performance of the experiment, we cannot rule out the possibility that starvation affected the alteration of the blood glucose levels. Hence, further research is necessary to understand the effect of starvation on the blood glucose levels of transported fish.
Body fluids of freshwater fish have a higher osmotic concentration than their environmental medium, and the osmolality of these fluids is affected by acute stress [6, 16] . Stressinduced hormonal responses such as cortisol or catecholamines production lead to osmotic imbalances in fish exposed to hypertonic and hypotonic environments [26, 27] . Mazeaud et al. [20] suggested that the major mechanism for osmotic imbalances is increased gill permeability, which increasing exchange rates of Cl − /Na + and water along concentration gradients. Thus, stress increases plasma electrolyte loss in freshwater fish [5, 9, 10] . On the other hand, fish transferred to hypertonic environments exhibited elevations in electrolyte concentration [1] . In pejerrey, Odontesthes bonariensis and mullet, Mugil cephalus, osmolality levels were decreased in low salinity [19, 29] . Walleye, Sander vitreus and pejerrey in salt treated water recovered more quickly than fish did in water with no salt added and did not show signs of osmoregulatory imbalance after acute stress [5, 29] . We observed that the osmotic concentration in fish treated with 0.5% solar salt solution nearly reached normal levels on the day 3 after transport in the present study. This finding suggests that transport stress might have caused the osmoregulatory dysfunction. Thus, we conclude that salt treatment, especially at a concentration of 0.5%, alleviates the osmoregulatory imbalance in mud loaches.
The stress of handling or confinement leads to an increase of ion branchial efflux and high Na + loss in fish [21, 32] . Therefore, adequate salt addition to the water for transport could reduce the plasma-water gradient and consequently the loss of ions from fishes to the environment [31] . In this study, fish treated with 0.5% and 1.0% solar salt solution exhibited increase of plasma Na + and Cl
−
. In contrast, untreated fish showed a marked reduction in the levels of these electrolytes, indicating disturbances provoked by stress when fish were maintained in environments with salinity far below that of their plasma as opined by Carneiro and Urbinati [11] . There was a significant increase of Na + and Cl − levels in fish subjected to 1.0% solar salt solution, and these elevations continued up to 5 days after transport. This was expected, since osmoregulatory effort of freshwater fish involves obtaining ions from water, and the higher salt content might have induced a higher influx [7, 15] . The lack of adaptation to the osmoregulatory change may lead to death when the holding lasts too long, as we observed in this study: 1.0% saline increased Na + and Cl − levels in the mud loach and caused death after 2 days of treatment.
The importance of gills in respiration and ionic regulation has attracted the attention of many investigators who seek to explain the effect of alterations in environmental factors on the function of involved organs [13, 24, 25] . Gills are also useful indicators for biomonitoring of potential negative effects owing to their large surface area in contact with water [14, 19] . Lee et al. [19] suggested that environmental changes induce hyperplasia of the respiratory epithelium, which is usually followed by lamellar fusion and necrosis. In severe cases, these conditions can cause death. In the present study, fish kept in water without salt exhibited severe proliferation of epithelium, lamellar fusion, and abundant presence of EGC-like cells. Such severely affected fish died within 5 days. Similarly, mullets show gill damage such as epithelial hyperplasia and lamellar fusion in salt-free water [19] . Regardless of the mechanism of this gill damage, the branchial epithelium seems to be markedly influenced by transport stress, and the damage is almost irreversible. Fish exposed to 0.5% and 1.0% solar salt solution exhibited light epithelial hyperplasia and lamellar fusion with a decrease in EGClike cells in 3 days. On day 5, gills treated with salt-containing water significantly recovered. These results suggest that solar salt treatment, especially at a concentration of 0.5%, may help repairing gill structure, leading to functional recovery of respiration and ionic regulation.
Osmotic concentration is also regulated by the integument [6] . Excoriation occurs easily when the skin rubs with against hard objects. In this study, transported mud loaches exhibited skin lesions and epithelial detachment along with depletion of mucous cells, which was confirmed using the fluorescein and histological tests. Thus, the skin lesions observed might be a result of grading, handling, transport and loading/unloading, and the lesions could have contributed to aggravation of osmotic imbalances.
In conclusion, this study show that salt treatment, particularly at the concentration of 0.5%, can alleviate the stress responses and ionic/osmotic imbalances, repair the gill, and reduce mortality or morbidity of mud loaches due to transport stress. Hence, we recommend the solar salt treatment at the concentration 0.5% for 5 days to reduce the mortality rate of the transported mud loaches during import quarantine at the holding farms.
